arteriographically identified circumflex artery-related infarcobserver interpreted the tracing in ques!inn and the majority tion. To more fully characterize this group of patients. we reading prevailed, reviewed data from an ongoing prospective study of acute ST segment cfevntion and depression on the admission myocardial infarction and identified all patients whose cir-KG were measured with calipers 40 ms after the J point cumflex artery was the vessel responsible for infarction. This using the preceding TP segment as a baseline. An ST report describes the clinical, electrocardiographic (ECG). elevation and depression score was calculated by summing sciotigruphic, a;lgl3g;nphk and folhw-up findings in these the amount of ST deviation from alt Itads with zl mm ST patients and compares them with findings in patients with elevation or depression. For the purpose of this study, right coronary artery and left anterior descending arteryposterior infarction was defined by the presence of an initial reiated infarction.
R wave of 240 ms in lead V, or V2 or an R to S wave amplitude ratio rl mm in lead V, or V, in the absence of artery-related infarction) were excluded from analyses inmyocardial infarction diagnosed by a typical history of chest volving the R/S ratio in lead V, or V2. A Q wave infarction pain and a diagnostic increase and decrease of the serum was designated if new Q waves of 230 ms appeared on serial creatine kinase MB isoenzyme; 2) age 565 years; 3) absence ECGs in two or more contiguous leads. Patients with an of significant vaivular. congenital or cardiomyopathic heart abnormal R wave in lead V, (as previously defined) were disease or history of coronary bypass surgery; 4) absence of included in the Q wave group. A non-Q wave infarction was cardiogenic shock, ventricular septal defect or papillary designated if the aforementioned criteria were not met and muscle rupture; 5) absence of left bundle branch block by there was active evolution of ST segment or T wave standard ECG criteria: 6) absence of serious noncoronary changes. or both, on serial EC&. in all patients with a disease that might limit long-term follow-up: and 7) willinghistory of prior infarction, old ECGs were reviewed to ness to undergo predischarge coronary angiography, quanensure correct group assignment for those manifesting Q titative thallium-201 exercise scintigraphy and rest radionuwaves on the admission ECG. elide ventriculography.
Methods

Wolff
Predllharge exuclsc i&lag. An intravenous cannula All 273 patients who gave written informed consent were was inserted before the test. and baseline I2 lead ECGs were considered candidates for treadmill exercise testing before recorded with patients in the supine, sitting and standing hospital discharge. However, rest or effort angina in the positions and after 30 s of hyperventilation. All patients antecedent 4 days, persistent congestive heart failure, poorly exercised on a treadmiH a mean of 10 2 3 days after onset of controlled arrhythmias or musculoskeletal handicap preinfarction using previously described methods (IO). Before eluded performing the stress examination in 32 (12%). Each the exercise test no attempt was made to alter medical of the remaining 241 patients met criteria for an uncomplitherapy that was to be continued on a long-term basis. An cated infarction by the 5th hospital day (7) and none received intravenous dose of 1.8 to 2.1 mCi of thallium-201 was thrombolytic therapy or coronary angioplasty in the acute administered folIowed by a IO ml saline flush as the patient period.
approached either the target heart rate or work load or Clinical evaluation. All patients were evaluated on admislimiting symptoms and the exercise was continued as tolersion and daily thereafter by a staff cardiologist and a reated fur an additional 60 s. search nurse for the duration of their hospitalization. Serum Quantitative tl@lium-201 perfu&oR scintigrophy. The creatine kinase levels were measured on admission and at 4 techniques for myocardial thallium-201 scintigraphy. comh intervals for the next 24 h, then daily until a normal value puter processing of the early postexercise and redistribution was obtained. Each patient was assigned by clinical criteria images and quantification of segmentai thallium uptake and to Killip classes I to II1 (8); for further characterization the washout in six standard scan segments have been previously Norris coronary prognostic index was calculated (9). described III). Briefly, pfter image acquisition, each se& Electrocardiiphic evaluation. Twelve lead ECGs were ment was classified as ;lc)nnal or abnormal on the basis of obtained on admission (day I), and on days 2, 3 and 10 at a relative quantitative evaluation of both the early (10 min) and paper speed of 25 mm/s and at a calibration of I cm = 1 mV.
late (2 to 3 hl postexercise scintigrams. To be considered All four ECGs from each patient were interpreted without normal. a scintigram had to have uniform thallium uptake on knowledge of other patient data by two independent investhe initial image, with subsequent washout of the radiotracer tigators as previously described (IO). When disagreement over the 2 to 3 h imaging period (i.e., a decline ia the occurred with reference to the type of infarction (Q wave time-activity curve). A myocardial segment was designated versus non-Q wave) or ST segment quantification, a third abnormal if thallium uptake was reduced by ~25% in the anterolateral, anteroseptal, apical, posterolateral or inferoapical/low posterolateral segments and by ~35% in the inferior segment relative to the myocardial region of most intense uptake on the initial images. The delayed images were used to characterize initial perfusion abnormalities as either persistent or showing redistribution (I I, 12). A persistent defect was drsignaled if no redistribution was documented on numerical analysis and regional myocardial thallium activity remained persistently reduced during the imaging period. Clinical follow-up. After hospital discharge, patients were managed by their primary physicians and no attempt was made to standardize medical therapy or regulate rehabilitation strategy. All patients were asked to return to the Post-Myocardial Infarction Clinic for evaluation of clinical status by the principal investigator (R.S.G.) 3 months after discharge and yearly thereafter. For the 3% of eligible patients who did not I? rrn, follow-up informarion was collected by telephone interview. During follow-up, the incidence of cardiac death, recurrent myucardial infarction, rapidly progressive New York Heart Association class III or IV angina pectoris and aortocoronary bypass surgery or percutaneous transluminal coronary angioplasty was tabulated. To avoid classifying noncardiac chest pain as an ischemic event, recurrent chest pain was recorded as an event only if it was designated as class 111 or IV angina and required rehospitalization fur management. Because we anticipated that results of predischarge testing might contribute to the decision to perform coronary surgery or angiuplasty. the specific reason for revascularization was sought.
The jirnctional class of patients with stuhle e.ver&md nngin~ offer discharge uws also recorded. The diagnosis of recurrent myocardial infarction was established as described. Cardiac death was defined if the death was sudden, occurring within I h of onset of symptoms. or if it was associated with other cardiac complications for which the patient had been hospitalized. For purposes of analysis. only one event, the most serious, was tabulated for each patient. Follow-up was terminated with the occurrence of death, bypass surgery or angioplasty.
Data interpretation and statistical analyses. All test results were interpreted by two experienced investigators without knuwlcdge of patient identity or results of other tests. In cases of discordant readings. a consensus interpretation with a third blinded observer was used. Individual test data were compiled prospectively and stored in a compoterized data bank using a Vax 111750. Commercially available Comparuliv~ evenf rates, including cardiac death, recurrent infarction, unstable angina pectoris requiring hospitalization and coronary artery bypass surgery or angioplasty among the three groups based on infarct-related vessel identity, were initially eva;ua:ed as simple differences between proportions. To further examine differences in outcome, separate life tables (Kaplan-Meier) based on individual survival time were calculated for patients with left circumflex, right coronary and left anterior descending artery-related infarction. Plots were constructed to show the cumulative event rates from testing after myocardial infarction to rhe conclusion of follow-up; follow-up was terminated in the case of death or if the patient underwent either coronary bypass surgery or angioplasty in this analysis. Equality of event probability between groups of patients based on the vessel responsible for infarction was evaluated using the log rank statistic. Electrocardiqraphie Bgdiegs with circumlfex arterycoronary artery-related infarction were stratified by the related infarct&n~. Our data show that circumflex arterypresence or absence of an abnormal R wave in lead V, or Vz. related infarction is less likely to result in acute ECG Pred&t@ circumtkx artery-relsted inbrction. An abnor-changes because of its posterior location. Indeed, only 48% mal R wave in lead V, was found to be very specific (%%) of our circumtlex group had ST segment elevation on the for circumflex artery-related infarction. However, because admission ECG compared with 71% in the right coronary only 8 of the 38 patients in this group had this ECG finding, and 72% in the left anterior descending group (Table 2 ). This the sensitivity was quite low (21%). Including abnormal R is similar to the data reported by Movahed and Becker (3). waves in lead V, increased sensitivity to 50% but decreased who found that ot!y 12 (55%) of 22 patients with acute both specificity and pr;dictive accuracy to 67 and 62% infarction limited to the lateral and posterolateral wails by
respectively. thallium scintigraphy had ST segment etevatioll on admis-
When all historical and ECG data available at ihe time of
sion.
hospital admission were evaluated with stepwise discrimi-ST segment elevation on the admission ECG was found nanlf~nciion analysis, only inferior and lateral ST elevation most frequently in the inferior leads followed by leads V, were found to he independent predictors of circumflex and V.+ and ST segment depression occurred most comversus right coronary artery-related infarction. Isolated in-manly in leads V2 to V, and aVL. These findings agree with ferior ST elevation predicted right coronary infarction, previously reported data (17,18) but, as noted by Fs;chs et al. whereas three patterns predicted circumflex artery-related (18), the location of these acute ECG changes is not spec& infarction. These included 1) the presence of both inferior for either circumflex or right coronary artery-related infarcand lateral ST elevation (best predictor); 2) the absence of tion. Indeed, the frequency of inferior ST elevation and bth inferior and lateral ST elevation: and 3) isolated lateral anterior ST depression was not different in the two infarct ST elevation. With one of these independent variables, the groups. Only the lateral leads separated these two groups: infarct-related vessel was calculated for each patient and the lateral ST elevation was more common in circumflex arterycalculations were examined for accuracy. Overall, 93 (63%) related infection and ST depression in lead I and lead aVL of the 147 intarct-related vessels were correctly predicted: 34 was more common with right coronary artery-related infarc-(85%) in the circumflex group and 59 (55%) in the right tion. Our data also show that the magnitude of ST segment coronary group. Table 4 shows the patterns of ST elevation change in those patients who have acute ECG changes is in the 40 patients in the circumtlex group and the 107 patients similar in rhe two groups of patients (Table 2 ). Therefore.
in the right coronary group. when ST elevation is present, only lateral ST segment elevation is helpful in distinguishing circumflex from right Discussion coronary artery-related infarction.
In addition to ST segment shifts in the lateral leads, an CirunfIex coronary artery-related infarctioo. We found abnormal R wave in lead V, was also useful in distinguishing that 17% of our 241 patknts with creatine kinase MB circumflex and right coronary artery-related infarction. An isc;enzyme-confirmed acute uncomplicated myocardial inabnormal R wave in lead V, was five times more common in farction had circJmffex coronary artery-related infarction. the former group compared with the latter group (21 versus This prevalence is slightly higher than the S to 16% reported 3.9%. p = 0.0028) ( Table 2) . A similar trend was found when in recent thromholytic trials U), possibly because ST elevaabnormal R waves in lead V, or Vz were included in the tion (an enrollment criterion for thrombolytic protocols) was analysis, although the difference did not quite reach statistinot required for entry into our study. The clinical charactercal significance (p = 0.08). This is because an abnormal R istics of our patients with a circumflex artery-related infarct wave in lead V? was found in 33% of the right coronary were no ditferent from those in patients with a right coronary group versus 41% of the circumflex group (p = NS). Thus, or left anterior descending artery-related infarct. In addition, our data indicate that *'true posterior" infarction is more prognosis during a mean follow-up of 39 months was similar likely due to circumflex artery-related infarction. Bough and among the three infarct groups (Fig. 4) . This finding is not Kerr t4) reported no significant difference in the incidence of surprising and can be explained by noting that left ventricucircumflex versus right coronary disease in ECG posterior however, ST depression in the anterior leads V, to Vs was more common in circumflex artery-related infarcts.
Only 5 (I 5%) of our 40 patients III the circumflex group presented with isolated ST depression. Five of these six patients had both anterior and Iateral ST depression and one had ST depression confined to leads V, to V1. Roden et al.
(19) recently reported that 23 of Xi patients in their study of non-Q wave infarction presented with isolated anterior ST depression but subsequently evolved criteria for posterior infarction (that is, posterior infarction presenting as anterior non-Q wave infarction). Our data indicate that this type of presentation for circumflex artery-related infarction is uncommon.
Correlation of electrncardktgraphic and radionuclide data.
Among patients with circumflex artery-related infarction and single vessel disease, rddionuclide ventriculography showed asynergy most frequent!y in the poscerobasal, low posterolateral and anterolateral segments (Fig. 2) . Whereas asynergy of these three segments as welt as the high posterolateral segment was more common in these patients compared with those with right roronary artery-related infarction, no patient in the single vessel circumflex group had inferior asynergy compared with 28% with in the right coronary group (p = 0.026). In addition, inferoapical asynergy was more frequent in the right coronary versus the circumflex group and this d;Eerritce reached statistical signilicance when patients with mutrivc:sel disease were included (Fig. 3) .
Thallium hcintigraphy revealed perfusion defects in the infarct group with single vessel disease of the circumflex artery, most commonly in the high posterolateral. posterobasal and apical segments (Fig. 2) . This finding agrees closely with previously reported data on patients with circumflex artery disease (17, 20) . In our group, an abnormal R wave in lead V, or V2 was most often associated with asynergy of the low posterolateral(75%) and distal posterior (77%) segments, as assessed by radionuclide ventriculography. Bough et al. (5) found that similar R waves were most strongly associated with abnormalities of the basal lateral (our high posterclateral) segment, although asynergy of adjacent inferior and lateral segments was found frequently. We also found adjacent asynergy to be common because only 4 (10%) of 40 patients had asynergy in only one segment. Subset anatysis. We previously reported (15) that dichotomization of patients with acute myocardial infarction according to the presence or absence of pathologic Q waves identified two groups with important clinicaI, functional and prognostic differences. This held true for both right coronary and left anterior descending artery-related infarction, but not for circumflex artery-related infarction. In the Present study, when patients with circumflex artery-related infarction were stratified according to the presence or absence of an abnormal R wave in lead V, or V?, a number of important differences emerged. Patients who developed abnormal R waves had more striking admission ECG changes, a larger infarct and more widespread coronary artery disease (espe cially in patients with an abnormal R wave in lead V,) compared with the group without abnormal R waves. Thus, in our group of patients with circumflex artery-related infarction, an abnormal R wave in lead V, or V,. or both, appears to be a marker for a large infarct and more extensive underlying coronary artery disease. These findings are sup ported by the study of Movahed and Becker (3), who found that 51% of their patients with scintigraphically localized lateral infarctitin who had a non-Q wave infarct in fact appeared to have a large, transmural infarct. In support of our angiographic findings, Bough and Kerr (4) concluded from their study of circumflex artery disease in ECG posterior infarction that "the RV,., pattern in patients with inferior infarction is highly predictive of at least two vessel coronary artery disease."
Predicting circumflex artery-related infarction. An abnormal R wave in lead V, or Vz evohed on serial ECGs in 50% of our patients with circumflex artery-related infarction, a finding that agrees closely with the 51% reported by Dunn et al. (17) . Our data show that an abnormal R wave lead in Vr had high specificity (%%) but low sensitivity (21%) for predicting circumflex artery-related infarction, as originally noted by Perloff (25) for posterior infarction. Although including an abnormal R wave in lrad V, increased the sensitivity to SO%, 35 of the 105 patients with right coronary artery-related infarction also had an abnormal R waves in lead V, and, therefore, the specificity for predicting circumflex artery-related infarction decreased significantly to 67%. Discriminant function analysis identified inferior and lateral ST elevation as the only two clinical and ECG variables available at hospital admission that were independent pre-
